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-a- — - - ^"J^rr; 

c^«x — — — » ■— 1 

, L .j. silicon dioxide and 

etching of silicon nitride over flilxco 

photoresist with a mixture of O0> 3 and 0 a . 

Semiconductor proces-ing often involve, patterning 

• i ,-Hick layer of silicon nitride coating a 
relatively thick layer <=> 

_ m! „. erisi l and this masking layer ia 
a pnotoresiatant material, an , 

~„ in accordance with the desired 
patterned with apertures xn accoroan 

p - „ v „ BOB i„ described in 

Bi licon nitride pattern. Such a process d 

v, , 4 484 979 (SSfiSksS) . which diaclosea a 
U S. Patent Number 4.484,9 19 — — 

— — ^tirz. 

^-1, " — 
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na trifluoromethane <CSF 3 ) and oxygen 

, .«p. — — eeotrol) . 

S IB* 1— ™\ .70. *— — 

n s patent Number 4, 966, a /u, 

-.4^ nitride over silicon oxide wi« 
etching of .xllec- nitride 

pa tternin 9 wit, - "~ ^ art> 

fli lico* ni«ide is weH Known to t*~ S *m 
^ the dishes of Sa = t2S3 ^^; n deC ^^ 
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nf the present invention to 
It ia the pri«r <* P on nitride 

prov ide an proved -thod for re^vaX ot 
from a semiconductor substrate. 
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1 Another object co the present invention ia to provide 

2 an improved method for removal of silicon nitride in 

3 preference to photoresist and silicon oxide in the 

4 processing of a semiconductor substrate. 

5 A further object to the present invention is to 

6 provide a silicon nitride etch process which results in 

7 critical dimension gain. 

8 Briefly, the preferred embodiment of the present 

9 invention is a method for plasma etching of silicon nitride 
using a mixture of trif luoromethane and oxygen in a ratio 

11 of approximately 8 to 1 to selectively etch silicon nitride 

12 in preference to silicon dioxide and photoresist . 
13 

14 XH THB PBMOagi 

15 FIG. l illustrates a semiconductor substrate patterned 

16 with photoresist prior to etching of silicon nitride ; 
X7 FIG- 2 illustrates a semiconductor substrate after 

18 etching in accordance with the process of the present 

19 invention ; 

20 FIG. 3 shows the etch rates for silicon nitride, 

21 silicon dioxide, and photoresist using the process "of the 

22 present invention; 

23 FIG. 4 is a graph showing etch uniformity and 

24 selectivity using the process of the present invention/ and 
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ria. 5 shows the critical dimension gain obtained with 
the process of the present invention. 

This invention provides a method for removal of 
B ilicon nitride through plasma etching with a mixture of 
7 and O a . The method selectively removes silicon nitride 

■ in preference to photoresist and silicon dioxide and 
9 provides critical dimension gain. 
« With reference to FIG- 1. * Bilicon semiconductor 

substrate patterned with photoresist is shown. Silicon 
substrate 10 supports a layer of silicon dioxide 12 which 
is approximately ISO to ,50 Angstroms thicx. A silicon 
nitride layer 14 of approximately 1B00 to 3000 Angstroms xa 
situated on top of the silicon dioxide layer 12- on top of 
the silicon nitride layer 14 is a layer of photoresist 16 



11 

12 
13 
14 
15 

" having a thicfcneao of 0-7 to 12 micxometera (700 
1. nanometers to 1200 na^etere) . The layers are not drawn 

19 to s 



20 
21 
22 
23 
24 
25 



cale in order to show the features of the invention 
m ore clearly. The measurements disused below involve 
KTI I-line positive photoresist, hut the critical dimension 
gain is found with other resists as well. 

The photoresist layer 16 *as been patterned to leave 
ape rtures that are not covered by photoresist and other 
areas covered by photoresist. A typical aperture as 
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iadicated * « 1- - - — - 0 8 " 10 W ™ rB - 
T he w idth of the P,o t o re9iBt li- - by » ■ 

typically on the order of ..S mxerometere . *- 

"i. particularly durable » " °* 

it is part thereby minimize loss 
apertures in the nxtr.de layer 1. 

of control of the linewidth ». « idth " *\ 

critical dimension (DICD) , 
the developed inspection crxtxca 

< that it i. the width of the line 22 after phot 

indicating that it ib t „,..„,iiia) In 

— a*. -« i ". , ^r^ r 

ch . — — - - »■— ■ — " on ; 4 a " od 

wafer plasma etcher, 

• m„itifaceced etching chamber 
easier to achieve than m a multifacete 

for etching multiple wafers. 

dtg 2. the structure on the six* 
Referring now to FIG. 2. accorda nce 

after plaama etching in accoraan 
substrate 10 is Blown after p „ itr i<ie 

^ • ^« silicon nxcxxae 

_ f t _ e present invention., suxc 
with the method of P fl fay 

has heen removed in the area* where xt 

ist 16 There has been some etching through the 
photoresist 15 . m« 
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nitride, leaving some silicon dioxide (BO » 170 

w«-> . »»■ > i^-—" B that che width ° f the 

photoresist 2, 1. slightly 1«. *h« " idth ° f the 
remaining silicon nitride «• I- Pa-i-lar. t*e method of 
t he present invention will -suit in a critical dimension 
of the silicon nitride which is wider than the critical 
aimension » or ,he photoresist. In a photoresist line o, 
approximately o.so cetera 1500 nanometers) . che w.dth 
of the underlying silicon nitride will be approximately 
0 ss micrometers (SSO nanometers, , a critical dimension 
gain of SO nanometers- though .he preuae mechanism *s 
not ^own. the chemistry and operating regime cause the 

13 critical dimension gain. 

When the photoresist X. i- removed in the next process 
15 step, the present invention results in final inspection 
a6 critical dimension (FICD) gain ranges *rom 30 to B0 
„ nanometers over the developed inspection critical dimension 
CDICD, . This is in contrast to prior art etch processes 
W hich ueuaHy experience at least some criticaX dimension 

i ^votti the 



1 

2 
3 
4- 
5 
6 
7 
6 
9 
10 
11 
12 



19 WHICH Mr 

^ ^ -Sfl a critical dimension lose from the 

20 lose. When there xa * critxca 

mag k to the finished product, a 

21 drawn line on a photoresist mask to tne 

• _ _„caT-v/ to create a 
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23 
24 
25 



arawn j> ^-i*^- — ■= 

neater area o* the silicon wafer is necessary to create a 
particular device. Therefore, the critical dimension ga.n 
acbi eved with the present invention permits higher 
resolution and smaller device size. 
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1 We have found that plasma etching using a mixture of 

2 CHF 3 to O a in the ratio of at least 6:1 up to 15:1 will 

3 provide a satisfactory result with regard to silicon 

4 nitride removal and critical dimension gain. Ratios in the 

5 range of 6:1 to 10:1 are preferred. The pressure is 

6 preferably less than 100 mTorr, and most preferably in the 

7 range of 20 to 60 mTorr. The RF power density range is 

8 preferably 0.6 to 1.1 W/cm 2 . The optimal process 

9 conditions are shown in Table 1: 

10 Tablft It 

11 CHF 3 (SCCM) 60 

12 0 2 (SCCM) 10 

13 Power (Watt) 700 

14 Pressure (mTorr) 40 

15 Magnetic Field (Gauss) 20 

16 Endpoint/Tirae (sec) 27* 

17 'depends on the actual endpoint, this is only an average 

18 number for 1350 A nitride thickness. 
19 

20 The results of the use of this process are a nitride etch 

21 rate of approximately 2950 Angstroms per minute, good 

22 uniformity of nitride, an oxide etch rate of approximately 1500 

23 Angstroms per minute (selectivity of nitride to oxide is 2:1) . 

24 The resist etch rate is approximately 1230 Angstroms per 

25 minute when measured on oxide. Therefore, the actual etch rate 
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from 



develop* 6 
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12 considerably »W oro vide B much easier ^ 
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13 processei 

14 since the 



one step 
time for 



process 
the etch 
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FIG. 5 shows the 



2 of the present invent 

3 l ..4 to 1 - 6 micron 



critical dimension gain with the proc 

linewidths 



with 
llnewidth. 



7 to o.B micron 



ess 
and 



critical dimension gain 



M noted above, the method show, 
final inspection 



in the 



over the 



• - /-fitical dimension, 
developed inspection critic* descrit >ed 

- <« v *ntion has been describe 



above 



in 



terms of a 



alterations 
apparent 



epecific embodiment 
and modifications 



to those s 



thereof will 



billed in the art. It is 



no 



doubt become 



3.0 that the 

11 alterations 

12 and scope 



following claims be interpr 



therefore intended 
t ted as covering all such 



of 



and modifications 
the invention. 



as fall within the true 



spirit 



What is claimed is 
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l. A method for etching a silicon nitride layer on a 

2 silicon substrate, comprising the steps of: 

3 (a) growing a layer o£ oxide on the substrate , 

4 (b) deporting a layer of silicon nitride on the 

5 oxide layer; 

e ,c) creating a patterned photoresist layer on the 

7 eilicon nitride layer; 

(d ) plasma etching the patterned photoresist and 
silicon nitride layers with a gas comprising 
«if luoromethane and oxygen in a ratio of at least 6,1. hereby 
selectively removing the silicon nitride which is not covered 



8 

9 
10 
11 



12 by photoresist- 

x 2 The method of claim 1, further comprising the step 

a of removing the photoresist after the etching step is 
3 completed, 

3 The method of claim 2, further comprising the step 
2 of growing a field oxide layer over areas of exposed oxide 



after the photoresist removal step is completed 

4 The method of claim X , wherein the pressure at which 
the etching step is performed is less than 100 millitorr. 
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5. The method of claim 1, wherein the power density in 
the etching atep ie in the range of 0.6 to 1-1 W/cra 2 . 



! • 6 . The method of claim 1. wherein Che ratio of 

2 trifluoromethane to oxygen is in the range of 6:1 to 10:1- 

! 7. The method of claim 6, wherein the preseure at which 

2 the etching step is performed ie lesa than 100 millitorr. 
3 

4 8. The method of claim 6, wherein the power deneity in 

5 the etching atep is in the range of 0.6 to 1.1 W/cm 3 . 



9. The method of claim 6, further comprising the step 
of removing the photoresist after the etching step ie 



3 completed 



10. The method of claim 9, further comprising the step 
of growing a field oxide layer over areas of exposed oxide 
after the photoresist removal atep iB completed. 



at which 



1 11 . The method of claim 10 . wherein the pressure 

2 C he etching step is preformed is less than 100 millitorr 



1 12 . The 



method of claim 11, wherein the power density 



2 in the etching step 



ts in the range of 0.6 to 1-1 W/cm 
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